U.S. Patent Application Serial No.: 10/786,575 
Filed: February 23, 2004 
Assignee: ROHM CO., LTD. 

Title of the Invention: OPTICAL PRINTHEAD AND IMAGE FORMING APPARATUS 



I, Natsuko TOSA, hereby declare: 

that I am a translator belonging to KYOWEY INT 1 L of 2-32-13 01 
Tamatsukuri-Motomachi , Tennoji-ku, Osaka, 543-0014 Japan; 

that I am well acquainted with both the Japanese and English 
languages ; 

that I have prepared an English translation of the Japanese 
language specification, claims, abstract and drawings (if 
applicable) as originally filed with the U.S. Patent and Trademark 
Office; and 

that the said English translation corresponds to the said 
Japanese language specification, claims and abstract to the best 
of my knowledge. 

I also declare that all statements made herein of my knowledge 
are true and that all statements made on information and belief 
are believed to be true; and further that these statements were 
made with the knowledge that willful false statements and the like 
so made are punishable by fine or imprisonment , or both, under Section 
1001 of Title 18 of the United States Code, and that such willful 
false statements may jeopardize the validity of the application, 
any patent issuing thereon, or any patent to which this verified 
statements is directed. 

Declared at Osaka, Japan on October 28, 2004 
By Natsuko TOSA 



DECLARATION 




Signature 



TITLE OF THE INVENTION 
OPTICAL PRINTHEAD AND IMAGE FORMING APPARATUS 



BACKGROUND OF THE INVENTION 
5 1. Field of the Invention: 

The present invention relates to an optical printhead 
used for forming images on a photosensitive recording medium. 
The present invention further relates to an image forming 
apparatus including an optical printhead. 
10 2. Description of the Related Art: 

Recently, digital cameras are more popular than film 
cameras. As is known, digital cameras are provided with 
recording medium such as flash memories, so that images are 
stored in the recording medium as digital data. Such stored 
15 digital data is sent to an Inkjet printer or thermal- transfer 
printer to be printed on plain paper. Alternatively, an 
optical printhead is used to form images on photosensitive 
films based on the stored digital data. Digital cameras 
provided with a compact optical printhead are also commercially 
20 available. With such arrangements, images can be formed on 
photosensitive films on the spot. 

An example of conventional optical printhead is disclosed 
in JP-A-2000-280527 . The printhead shown in the application 
includes a light source and a liquid crystal shutter. The 
25 light source generates linear light extending in a primary 
scanning direction. The liquid crystal shutter selectively 
transmits the linear light to illuminate aphotosensitive film. 



The light source includes one or more light-emitting diodes 
and a transparent light guide. Light emitted from the 
light-emitting diode is changed to a line of illuminating light 
by the light guide. 

The conventional optical printhead has the following 
problem. The light from the light-emitting diode undergoes 
repeated total reflection before emitted out from a light 
emitting area of the light guide. Thus, the emitted light 
tends to diffuse while traveling. As a result, only part of 
the light, emitted from the light emitting area of the light 
guide, can reach a predetermined linear area on the liquid 
crystal shutter. In other words, the light from the 
light-emitting diode cannot be put to efficient use. 

SUMMARY OF THE INVENTION 

The present invention has been proposed under the 
above-described circumstances. It is, therefore, an object 
of the present invention to provide an optical printhead with 
which light generated by a light source can be used efficient ly . 
Another object of the present invention is to provide an image 
forming apparatus incorporating such an optical printhead. 

According to a first aspect of the present invention, 
there is provided an optical printhead comprising: a light 
source; a light guide including a light incident surface facing 
the light source and a flat light emitting surface extending 
in a primary scanning direction; and a light collecting layer 
facing the light emitting surface and transmitting light 



emitted from the light emitting surface . The light collecting 
layer causes diffused light from the light emitting surface 
to be collected in a normal direction of the light emitting 
surface . 

5 Preferably, the light guide may include a counter surface 

which extends in the primary scanning direction and arranged 
opposite to the light emitting surface. The counter surface 
is provided with a plurality of inclined portions for 
reflecting light traveling in the light guide so that the light 
10 is directed toward the light emitting surface. 

Preferably, the optical printhead of the present 
invention may comprise a mirror reflector covering the counter 
surface . 

Preferably, the light collecting layer may comprise a 
15 first prism layer provided with a plurality of ridges extending 
parallel to each other. 

Preferably, each of the ridges may include a triangular 
section. 

Preferably, each of the ridges may extend parallel to 
20 the primary scanning direction. 

Preferably, the optical printhead of the present 
invention may further comprise a second prism layer cooperating 
with the first prism layer for collecting light. The second 
prism layer is provided with a plurality of ridges extending 
25 parallel to each other . Each of the ridges of the second prism 
layer extends across the ridges of the first prism layer. 

Preferably, each of the ridges of the second prism layer 



may include a triangular section. 

Preferably, the optical printhead of the present 
invention may further comprise a liquid crystal shutter facing 
the light emitting surface of the light guide via the light 
collecting layer. The liquid crystal shutter comprises a 
plurality of shutter portions arranged in a row extending in 
the primary scanning direction. 

According to a second aspect of the present invention, 
there is provided an image forming apparatus. The image 
forming apparatus may comprise an optical printhead as 
described above, and a photosensitive recording medium 
irradiated by the optical printhead. 

Other features and advantages of the present invention 
will be apparent from following description of preferable 
embodiment . 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig . 1 is a perspective view illustrating an image forming 

apparatus according to the present invention. 

Fig. 2 is a sectional view illustrating a principal part 

of the image forming apparatus . 

Fig. 3 is a sectional view illustrating a photosensitive 

film . 

Fig. 4 is an exploded perspective view of an optical 
printhead used for the image forming apparatus. 

Fig. 5 is a sectional view illustrating a principal part 
of the optical printhead. 



Fig. 6 is an exploded perspective view of an illuminator 
used for the optical printhead. 

Fig. 7A is a sectional view showing a principal part of 
the illuminator. 

Fig. 7B is a view illustrating a principal part of the 
light guide used for the illuminator. 

Fig. 8A is a sectional view taken along lines VIII-VIII 
in Fig. 7A. 

Fig. 8B is a view illustrating a principal part of a 
luminance improving sheet used for the illuminator. 

Fig. 9 is a perspective view illustrating a principal 
part of a liquid crystal shutter used for the optical printhead. 

Fig. 10 is an exploded perspective view illustrating 
another example of illuminator used for the optical printhead. 

Fig. 11 is a sectional view of the illuminator shown in 
Fig. 10. 

Fig. 12 is an exploded perspective view illustrating 
another example of illuminator used for the optical printhead. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
A preferred embodiment of the present invention is 

described below with reference to the accompanying drawings. 
Figs. 1-9 illustrate an image forming apparatus X 

according to the present invention. 

As shown in Figs. 1-2, the image forming apparatus X 

includes a housing 1, a film pack 2, and an optical printhead 



As shown in Fig. 1, the housing 1 is formed with a 
rectangular opening 11, and this opening 11 can be opened or 
closed by a lid 12 . The lid 12 is provided with a pair of 
pressing portions 121. The housing 1 includes an end surface 
5 13 which is formed with a slit 131. 

The film pack 2 includes a case 21 and photosensitive 
films (see reference number 22 in Fig. 2) contained in the 
case. The case 21 includes an outer surface (the upper surface 
in Fig. 1) and an inner surface (the lower surface in Fig. 

10 1) opposite to the outer surface. As shown in Fig. 1, the 
outer surface is formed with a pair of inlets 214 for insertion 
of the paired pressing portions. On the other hand, though 
not shown in Fig. 1, the inner surface is formed with a 
rectangular opening (see reference number 213 in Fig. 2) . It 

15 should be noted that the film pack 2 in Fig . 2 is an upside-down 
image of the one in Fig. 1. 

As shown in Fig . 2 , the case 21 of the film pack 2 contains 
a plurality of photosensitive films 22 which are placed on 
a flat supporting plate 211. The supporting plate 211 is 

20 supported by a leaf spring 212. When the film pack 2 is put 
into thehousing 1 and the lid 12 is closed, the pressing portions 
121 pass through the insertion inlets 214 to press the leaf 
spring 212 upwardly (toward the opening 213), as indicated 
by phantom lines in Fig . 2. As a result, the supporting plate 

25 211 and films 22 are upwardly pressed by the leaf spring 212, 
whereby the film 22 at the top constantly contacts the 
peripheral area of the opening 213. 



The printhead 3, placed in the opening 213 of the case 
21, is movable in the Bl and B2 directions. 

The case 21 includes an end (the left side end in Fig. 
2) formed with a long slit 215 which extends horizontally. 
5 The topmost film 22 can be discharged from the case 21 via 
the slit 215 . The slit 215 is covered by a flexible shielding 
member 217 for preventing the entry of dust into the case 21. 
The film 22 discharged from the case 21 is consequently 
discharged out of the housing 1 via the slit 131 (see Fig. 

10 1) formed at the end of the housing 1. 

Fig. 3 illustrates the inner structure of the 
photosensitive film 22. The film 22 includes laminate 
structure formed of a rectangular base 221, a photosensitive 
layer 222, and a transparent cover 223. The film 22 further 

15 includes a front end (the left side end in Fig. 3) which holds 
a developer pack 224. Reference number 225 indicates an 
adhesive sheet. The adhesive sheet 225 is attached for 
covering the peripheral end of a lamination formed of the base 
221, the photosensitive layer 222, and the transparent cover 

20 223, thereby holding these layers together. 

As shown in Fig. 2, the housing 1 is internally provided 
with a pushing bar 14 and upper and lower platen rollers 15. 
The pushing bar 14 is moveable in the Bl and the B2 directions 
in Fig. 2 via a cutout 218 formed in the case 21. Due to the 

25 movement of the pushing bar 14 in the direction B2 , the 
photosensitive film 22 is pushed out of the film pack 2. The 
platen rollers 15 serve to draw the photosensitive film 22 



out of the film pack 2 and then to discharge the film 22 out 
of the slit 131 of the housing 1. The platen rollers 15 apply 
pressure from upside and downside to the photosensitive film 
22 so that the developer pack 224 (see Fig. 3) breaks to leak 
5 out the developing fluid. The platen rollers 15 also serve 
to spread the leaked developing fluid all over the 
photosensitive film 22. 

As shown in Figs. 4-5, the printhead 3 includes a frame 

30 for holding an illuminator 5, a liquid crystal shutter 6, 
10 a rod lens array 31, and a prism 32. 

The frame 30 includes an L-shaped mounting portion 301 
as viewed in section, a first holding portion 302 and a second 
holding portion 303, both extending in the A1-A2 direction 
(the primary scanning direction) in Fig. 4. The mounting 
15 portion 301 supports the liquid crystal shutter 6, upon which 
the illuminator 5 is mounted. 

The first holding port ion 302 includes an inclined surface 
3 04 which inclines relative to a horizontal plane by 4 5 degrees . 
The inclined surface 304 supports a reflecting member 33 
20 contacting the surface. Preferably, the reflecting member 
33 has a mirror surface. The reflecting member 33 is made 
of aluminum, for example. 

The second holding portion 303 holds the rod lens array 

31 sandwiched by the frame 30 and the liquid crystal shutter 
25 6. The rod lens array 31 includes a holder 312 formed with 

a plurality of through-holes 311, and rod lenses 313 held in 
the through-holes 311. The rod lenses 313 are arranged in 



the primary scanning direction, and their axes extend in the 
secondary scanning direction. 

The frame 3 0 is open, at one side thereof, to the secondary 
scanning direction Bl (see Fig. 4) , the prism 32 being fixed 
5 to this open side. The prism 32 includes a light incident 
surface 321, a light reflecting surface 322, and a light 
emitting surface 323 (see Fig. 5) . The light enters the prism 
32 through the light incident surface 321 and then reflects 
on the light reflecting surface 322 to change its traveling 

10 direction by 90 degrees, thereby exiting out through the light 
emitting surface 32 3 . The prism 3 2 is made of e.g. transparent 
glass or acrylic resin. 

The light incident surface 321 is formed with a concave 
portion 324 extending in the primary scanning direction. The 

15 concave portion 324 prevents the prism 32 from contacting the 
rod lenses 313 , so that the rod lenses 313 are saved from damage . 
The light emitting surface 32 3 is formed with a concave portion 
325 and protrusions 326 extending in the primary scanning 
portion. The convex portions 326 project in the thickness 

20 direction of the frame 30 (downward in Fig. 5). When the 
printhead 3 moves relative to the photosensitive film 22 , only 
the protrusions 326 come into contact with the photosensitive 
film 22. This structure contributes to reduction of contact 
area and contact resistance between the printhead 3 and the 

25 photosensitive film 22 . As a result, the photosensitive film 
22 is saved from damage, and the printhead 3 can move smoothly 
over the photosensitive film 22. Further, as the light 



emitting area of the prism 32 (in the concave portion 325) 
is saved from being damaged by the film 22, light irradiation 
to the film 22 is performed properly. 

As shown in Fig. 6, the illuminator 5 includes a flat 
first light shield 50 and a second light shield 51 in the form 
of a downwardly open box. The first light shield 50 and second 
light shield 51 form a space in which a light guide 52 and 
a light source unit 53 are accommodated. 

As shown in Fig. 6, the light guide 52 is in the form 
of a substantially rectangular solid as a whole, and elongated 
in the primary scanning direction. The light guide 52 may 
be made of e.g. an acrylic transparent resin such as PMMA, 
or other light permeable material. All surfaces of the light 
guide 52 are mirror surfaces, whereby light traveling in the 
light guide 52 is reflected totally by the surfaces of the 
light guide 52 or passes through the surfaces. Specifically, 
when the light enters at an angle larger than the critical 
angle of total reflection relative to the light guide surfaces , 
the light is totally reflected. On the other hand, when the 
incident angle is smaller than the critical angle of total 
reflection, the light passes through the light guide surfaces . 

The light guide 52 includes a light incident surface 523 
at a lengthwise end ( facing the light source unit 53 ) . Further, 
the light guide 52 includes upper and lower surfaces extending 
lengthwise (spaced to each other in the C1-C2 direction) and 
two side surfaces (spaced to each other in B1-B2 direction) 
extending between the upper and lower surfaces. As shown in 

10 



Fig. 7A, light entered from the light incident surface 523 
is reflected by the above -described four surfaces , as traveling 
in the primary scanning direction. The lower surface of the 
light guide 52 serves as a flat light emitting surface 522 
for emitting light toward the liquid crystal shutter 6. The 
light emitting surface 522 faces the liquid crystal shutter 
6 through a light collecting means 502. 

The upper surface (reference number 521 in Fig. 6) of 
the light guide 52 is provided with a reflecting means for 
reflecting light traveling in the light guide 52, toward the 
light emitting surface 521. Specifically, as shown in Figs. 
6 and 7A, the upper surface of the light guide 52 is formed 
with a plurality of grooves 527 extending in the secondary 
scanning direction in parallel to each other . A pitch between 
each two adjacent grooves is 200jam, for example. The depths 
of the grooves are in the range of e.g. 0 . 3\im- 0 . 9\im, and they 
become shallower as proceeding from the left to the right in 
Fig . 7A. Each of the grooves 52 7 is formed with a first inclined 
surface 524 and a second inclined surface 526. The first 
inclined surface 524 is nearer to the light incident surface 
523 than the second inclined surface 526 is. As shown in Fig. 
7B, the inclination angle a of the first inclined surface 524 
satisfies 0°<a<90° and the inclination angle 0 of the second 
inclined surface 526 satisfies 90*<a<180 fl . In the 

illustrated example, the angle oc is about 45 * , while the angle 
(3 is about 135° ( -180 # -45 ° ) . 

As shown in Fig. 7A, the first inclined surface 524 

11 



reflects light traveling from the light incident surface 523 
toward the opposite end 525, so that the reflected light is 
directed toward the light emitting surface 522. On the other 
hand, the second inclined surface 526 reflects light traveling 
from the, end 525 toward the light incident surface 523, so 
that the reflected light is directed toward the light emitting 
surface 522 . 

The first light shield 50 and the second light shield 
51 prevent leakage of light emitted from the light source unit 
5, while also preventing entry of outside light into the light 
guide 52 . The first light shield 50 covers the light emitting 
surface 522. The first light shield 50 is formed an opening 
501 extending longitudinally in the primary scanning direction . 
The second light shield 51 provides an internal space for 
accommodating the light guide 52. The first and second light 
shields 50, 51 are made of e.g. black-colored PC or PMMA . It 
should be noted, however, that the inner surface of the first 
light shield 50 is of highly reflective color such as white. 
The inner surfaces of the second light shield 51 are covered 
with mirror reflectors 510 facing the light guide 52. The 
mirror reflector 510 may be provided by fixing an optical sheet, 
which has a specular surface, to the inner surface of the second 
light shield 51. It is possible that the mirror reflector 
510 may be provided only on an inner area of the second light 
shield 51, the area facing the upper surface 521 of the light 
guide 52 . 

The light collecting means 502 is attached to the inner 

12 



surface of the first light shield 50. As shown in Figs. 8A-8B 
(and Fig. 6) , in the present embodiment, the light collecting 
means 502 comprises a luminance improving sheet 500. A very- 
thin air layer 56 exists between the light guide 52 and the 
luminance improving sheet 500 . The luminance improving sheet 
500 collects the emitted light (diffused light) from the light 
guide 52 into a predetermined direction. Specifically, a 
light ray indicated as k3 in Fig. 8B is taken as an example. 
Immediately after emitted from the lower surface (light 
emitting surf ace) of the light guide 52 , the 1 ight ray k3 travels 
in a direction inclined at an angle y (»0°) relative to the 
normal line NL of the emitting surface. However, the light 
ray k3 is changed in its traveling course by passing through 
the luminance improving sheet 500, and thus travels in a 
direction substantially parallel to the normal line NL . In 
other words , the inclination angle of the light ray k3 relative 
to the normal line NL becomes smaller as the ray k3 passes 
through the luminance improving sheet 500. 

In order to collect light as described above, the 
luminance improving sheet 500 has the following structure. 
As shown in Fig. 8B, the luminance improving sheet 500 includes 
a prism layer 512 and a base layer 513. The prism layer 512 
includes an under surface 511 which is formed with a plurality 
of parallel ridges 511 each extending in the primary scanning 
direction. The ridges 511 are arranged at a pitch of about 
50-100pm, for example. Each of the ridges 511 includes two 
inclined surf aces 5 11a and 511b, which form isosceles triangles 

13 



in section. The inclined surfaces 511a and 511b meet at 90°, 
for example . The prism layer 512 further includes a flat upper 
surface 512b . The prism layer 512 may be made of e.g. acrylic 
transparent resin. In the present invention, the section of 
5 the ridges 511 is not limited to an isosceles triangle. The 
ridges 511 may be semicircular in section, for example. The 
base layer 513 includes flat upper and lower surfaces. The 
base layer 513 may be made of e . g . polyester transparent resin . 
The base layer 513 has a thickness of lOOiam, for example. 

10 The function of the luminance improving sheet 500 is 

described below. The light emitted from the lower surface 
of the light guide 52 is diffused light, and generally this 
light travels in various directions (light rays kl-k5 are 
illustrated in Fig. 8B) . Each of the light rays is refracted 

15 toward the normal direction (direction parallel to the normal 
line NL) when entering the base layer 513 of the luminance 
improving sheet 500, and further refracted toward the normal 
direction when entering the prism layer 512 . In this manner, 
the diffusing angle (the angle relative to the normal 

20 direction) of each light ray becomes smaller. 

As seen from the light rays Kl-k3 shown in Fig. 8B, most 
of the light rays, after having entered the prism layer 512, 
enter the inclined surface 511a or 511b of the ridges 511 at 
a relatively small incident angle. As a result, these light 

25 rays pass through the inclined surfaces to exit to the outside. 
At this time, each of the light rays is refracted so that its 
traveling direction comes closer to the normal line (ideally, 

14 



the traveling direction of the light ray becomes substantially 
parallel to the normal line) . 

After having entered the prism layer 512, some of the 
light rays may enter the inclined surface 511a or 511b of the 
5 ridges 511 at a relatively great incident angle, like the light 
rays k4 and k5 shown in Fig. 8B . The light ray k4 is reflected 
by the left inclined surface 511a of one of the ridges 511, 
and then passes through the right inclined surface 511b to 
temporarily exit out of the prism layer 512 . Thereafter, the 

10 light ray k4 enters the adjacent right-side ridge 511, to go 
back into the luminance improving sheet 500. On the other 
hand, the light ray k5 is reflected to the right by the left 
inclined surface 511a of one ridge 511 and further reflected 
upward by the right inclined surface 511b of the same ridge 

15 511. 

Then, the light rays k4 and k5 go back into the light 
guide 52 through the base layer 513 and the air layer 56 . Such 
light ray having returned to the light guide 52 is repeatedly 
reflected by the surfaces of the light guide 52 to travel in 

20 the primary scanning direction, thereby being emitted from 
the light emitting surface 522 of the light guide 52 toward 
the luminance improving sheet 500 again. In this manner, it 
is possible to equalize the emitting of light from the light 
emitting surface 522 of the light guide 52. 

25 As shown in Fig. 6, the light source unit 53 includes 

three light-emitting diodes 531 and an insulating substrate 
532 for mounting the light-emitting diodes. The 

15 



light-emitting diodes 531 are red, green, and blue 
light-emitting diodes, each of which can be driven 
individually . 

As shown in Fig. 4, the liquid crystal shutter 6 includes 
a plurality of shutter portions 60 aligned in the primary 
scanning direction, and each of the shutter portions 60 can 
be driven actively. As shown in Fig. 5, the liquid crystal 
shutter 6 further includes a pair of transparent plates 61 
and 62 as well as a liquid crystal 63 filled between the plates . 
The liquid crystal 62 may be an antif erroelectric liquid 
crystal. Antif erroelectric liquid crystal can change . the 
current direction of its spontaneous polarization quickly in 
response to the change of the applied voltage. Due to this 
property, the application of the antif erroelectric liquid 
crystal to the liquid crystal shutter 6 enables the shutter 
portions 60 to open and close with quick response, thereby 
facilitating high-speed printing. 

As shown in Fig. 9, the transparent plate 62 includes 
an inner surface 621 formed with a plurality of individual 
electrodes 622 aligned in the primary scanning direction. 
Each of the individual electrodes 622 is connected to a source 
line 623 via a first active element (not shown) such as TFT, 
while also connected to a gate line 624 via a second active 
element (not shown) . The second active element is driven 
through the gate line 624 to selectively connect each of the 
individual electrodes 622 to the corresponding source line 
623 . 

16 



The transparent plate 61 includes an inner surface 61 
formed with a common electrode 612 connected to the ground. 
The common electrode 612 faces each of the individual 
electrodes 622 , and this portion provides one shutter element 
60. A prescribed potential difference is applied to each 
shutter element 60 when the second active element is switched 
on through the gate line 624. The electrical potential 
difference can be adjusted by selecting the voltage value which 
is applied through the source line 623. On the other hand, 
when the second active element is turned off, the applied 
electrical potential difference is maintained. 

As shown in Fig. 5, the transparent plates 61 and 62 further 
include outer surfaces provided with polarizers 613 and 625, 
respectively. The polarizers 613, 625 are so arranged that 
the respective polarization axes extend perpendicularly to 
each other. Therefore, the light passing through the 
polarizer 613 and through the liquid crystal 63 changes its 
polarization direction at the shutter portions 60 to which 
a voltage no smaller than a threshold is applied, so that the 
light can pass through the polarizer 625. In this state, the 
light transmittance at the shutter portion 60 can be adjusted 
by changing the electrical potential difference applied across 
the individual electrodes 622 and the common electrode 612. 
On the other hand, the polarization direction of the light 
does not change at the shutter portion 60 to which a voltage 
smaller than the threshold is applied, so that the light cannot 
pass through the polarizer 625. 

17 



As shown in Fig. 5, a drive IC 64 is mounted on the 
transparent plate 62 . The drive IC 64 is connected to the 
gate line 624, source line 623, and common electrode 612 of 
the liquid crystal shutter 6 for allowing/prohibiting the 
5 passage of light and controlling the transmi t tance . The drive 
IC is further connected to the light-emitting diodes 531 to 
switch on/off the light-emitting diodes 531. 

The image forming apparatus X produces an image on a 
photosensitive film 2 2 by irradiating the photosensitive layer 
10 222 (see Fig. 3) with the printhead 3, and then developing 
it . 

The light exposure of the photosensitive layer 222 is 
performed by irradiating the photosensitive film 22 
successively with linear red, green and blue light from the 

15 printhead 3. The illumination of linear light is repeatedly 
performed by moving the printhead 3 step-by-step in the 
secondary scanning direction. 

More specifically, the light emitted from the 
light-emitting diodes 531 is introduced into the light guide 

20 52 through the light incident surface 523 . The light undergoes 
repeated total reflection at the four surfaces in the light 
guide 52, including the light emitting surface 522 and the 
upper surface 521, and travels in the primary scanning 
direction (see Fig. 7A) . Then, when striking on the first 

25 or second inclined surface 524, 526, the light is totally 
reflected by the surface to travel toward the light emitting 
surface 522 . 

18 



In the light guide 52, there are some light rays which 
travel at an angle smaller than the total reflection critical 
angle toward the other surfaces than the light emitting surface 
522. Such light rays are reflected by the mirror reflector 
5 510 to return into the light guide 52. 

The light rays emitted from the light emitting surface 
522 enter the light collecting means 502 (luminance improving 
sheet 500) , pass through it, and are emitted from the 
illuminator 5 via the opening 501 of the first light shield 

10 50. After emitted through the opening 501, the light is 
irradiated onto the photosensitive film 22 through the liquid 
crystal shutter 6, the rod lens array 31, and the prism 32 
(see Fig. 5) . As described above, the light collecting means 
502 collects the emitted light rays (diffused light rays) from 

15 the light emitting surface 522 to make them almost parallel 
light rays. In this manner, the light rays emitted from the 
light emitting surface 522 of the light guide 52 are efficiently 
directed to the photosensitive film 22. 

The inner surface of the first light shield 50 is provided 

20 with a highly reflective color . With this arrangement , light 
rays which fail to pass through the opening 501 of the first 
light shield 50, are reflected by the inner surface of the 
first light shield 50 to return back into the light guide 52. 
In place of this arrangement, a mirror reflector may be provided 

25 between the first light shield 50 and the light collecting 
means 502. As easily seen, this reflector is formed with an 
opening corresponding to the opening 501. 

19 



Figs. 10-11 illustrate a modified illuminator used for 
the printhead of the present invention. The illustrated 
illuminator 5B differs from the above-described illuminator 
5 in being provided with two light collecting means (a first 
5 light collecting means 5 02 and a second collecting means 5 02B) , 
but has the same structure in the other respects. 

The second light collecting means 5 02B comprises a 
luminance improving sheet 500B which is identical to the above 
luminance improving sheet 500. Specifically, the luminance 

10 improving sheet 500B includes a prism layer 512 which is formed 
with a plurality of ridges 511 arranged parallel to each other, 
and a base layer 513 . As shown in Fig . 10, the second luminance 
improving sheet 500B is laminated on the first luminance 
improving sheet 500, whereby the ridges 511 of the second sheet 

15 500B extend longitudinally in the secondary scanning 
direction . 

With the above arrangement, the diffused light emitted 
from the light emitting surface of the light guide 52 can be 
collected in both the primary scanning direction and the 

20 secondary scanning direction. Though the second sheet 500B 
is laminated on the first sheet 500 in the example illustrated 
in Fig. 10, the reverse arrangement may be possible. 
Specifically, the first sheet 500 maybe laminated on the second 
sheet 500B, as shown in Fig. 12. 

25 The luminance improving sheet 500 (and the additional 

luminance improving sheet 500B) contributes to efficient use 
of the light emitted from the light source. In order to 
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demonstrate this effect, five illuminators (examples 1-4 and 
a comparative example 5) were made as described below for a 
luminance test. 

[Example 1] The inner surface of the first light shield 
5 50 was white-colored, and the inner surface of the second light 
shield 51 was entirely covered with a mirror reflector 510. 
A luminance improving sheet 500 was provided between the first 
light shield 50 and the light guide 52. 

[Example 2] The inner surface of the first light shield 
10 50 was white-colored, and the inner surface of the second light 
shield 51 was entirely covered with a mirror reflector 510. 
Luminance improving sheets 500 and 500B were provided between 
the first light shield 50 and the light guide 52. 

[Example 3 ] The inner surfaces of the first and the second 
15 light shields 50, 51 were white-colored, and a luminance 
improving sheet 500 was provided between the first light shield 
50 and the light guide 52. 

[Example 4] The inner surfaces of the first and the second 
light shields 50, 51 were white-colored, and luminance 
20 improving sheets 500 and 500B were provided between the first 
light shield 50 and the light guide 52. 

[Comparative Example] The inner surfaces of the first 
and the second light shields 50, 51 were white-colored. 
Neither of the luminance improving sheets 500, 500b were 
25 provided between the first light shield 50 and the light guide 
52 . 

Test Procedure : Each of the above-specified illuminators 
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was caused to emit a linear light ray . Measurement of luminance 
(unit: cd/m 2 ) at predetermined seven points aligned on a center 
line of the irradiated linear area was made, and the average 
value Ta of the measurements was calculated. 
5 The result of the above test is shown in table 1. Note 

that the luminance improving rate in Table 1 is calculated 
by dividing Ta of four Examples by Ta of the comparative example . 



Table 1 





Ta 


Luminance 
Improving Rate 


Example 1 


861 . 1 


2 . 2 


Example 2 


1065 . 0 


2 . 7 


Example 3 


692 . 0 


1.7 


Example 4 


762 . 3 


1 . 9 


Comparative 
Example 


398 . 1 





10 As shown in table 1 , Examples 1-4 show luminance improving 

rates higher than Comparative example, meaning that the 
illumination efficiency is improved. 

As described above, according to the present invention, 
light emitted from light source can be used efficiently. If 

15 efficiency in use of the light is raised, enough amount of 
light for developing photosensitive films can be emitted from 
a low-power light source. As a result, power consumption of 
an illuminator and of a printhead can be reduced. 

The present invention being thus described, it is obvious 

20 that the same may be modified in various ways. Such 
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modifications should not be regarded as a departure from the 
spirit and scope of the invention, and all such modifications 
as would be obvious to those skilled in the art are intended 
to be included in the scope of the appended claims. 
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